Introduction
Sedentary behaviors in children are cross-sectionally and prospectively related to obesity. 1, 2 Obese children reliably choose sedentary behaviors over physically active alternatives, and they will work harder to gain access to sedentary behaviors than physically active ones, suggesting they ®nd sedentary behaviors more reinforcing. 3 ± 5 Based on the hypothesis that high-rate sedentary behaviors can be used to reinforce lowerrate physical activity, 6 one approach to shifting choice from sedentary to physically active alternatives is to reinforce children for increasing physical activity by providing contingent access to reinforcing sedentary behaviors. We have developed a closed-loop feedback system for reinforcing children for riding a stationary bicycle by providing contingent access to television, video games or movies. 7 Closed loop feedback involves interfacing exercise equipment to sedentary activities (eg television) so that access to sedentary activity is controlled automatically, independent of experimenter or subject evaluation. For example, television could be used to reinforce stationary bicycle riding in a closed-loop system by having the television turn on and remain on provided that the individual pedals at or above programmed levels of intensity (eg pedal cadence, miles per hour) or duration. If the individual falls below the programmed exercise goal the television automatically shuts off. 7 We have demonstrated signi®cant increases in physical activity for obese children using a closed-loop system in the laboratory, 7, 8 and clinical research has also shown a closed-loop system for riding a stationary bicycle simultaneously reduces television watching and increases physical activity. 9 Closed-loop feedback systems have the capacity to measure physical activity, determine whether the activity goal has been met, and make sedentary activities contingent on physical activity. Closedloop feedback systems can be adapted to a variety of equipment based physical activities such as stationary bicycles, ski machines, steppers or treadmills that will accept transducers that detect movement. Likewise, there are also a number of sedentary reinforcers that are electronically operated and can be made contingent on physical activity, such as television, video games, VCRs, radio or music systems. Despite the demonstrated ef®cacy of these systems to promote exercise, they cannot encompass the majority of activities that children engage in, nor can a wide variety of reinforcers be programmed to increase physical activity. Open-loop feedback systems can increase the scope of activities to be used, including traditional aerobic exercise as well as lifestyle physical activity across a wide range of intensity. The major criteria for inclusion is accurate measurement of physical activity. In addition, the types of reinforcers used in open loop systems can be expanded to include whatever types of activities a child ®nds reinforcing and a parent is able to regulate access to.
The present study was designed to test whether an open-loop reinforcement system could be used to increase physical activity in obese children. To provide a stringent test of the reinforcing ef®cacy of making access to sedentary behaviors contingent upon physical activity, we varied the amount of physical activity required to gain access to the sedentary behaviors in comparison to a control group that had free access to physically active or sedentary alternatives. In addition, we examined how manipulating access to sedentary activities would in¯uence the intensity at which obese children exercise.
Methods

Participants
The sample consisted of 34 obese ( ! 85th BMI percentile) children aged 8 ± 12 y who were enrolled in a family-based, pediatric obesity treatment study and volunteered for this study. Seventy-two families were screened for entrance in the study, and 40 families met the entrance criteria of child above the 85th BMI percentile, no current child psychiatric problems, and no current medical conditions, injuries or illness that prevented exercise or contraindicated treatment. At the assessment subjects were asked to have not eaten or consumed liquid for 4 h and not to have exercised that day. Data from one subject could not be used since they were ill at the assessment and were not asked to exercise, and ®ve families declined participation in this study. The consent form was approved by the Social Sciences IRB, and written consent to participate was obtained for each child and their parent according to standard procedures.
The average child was 10.4 ( AE 1.4, mean AE s.d.) years of age, 48.4 ( AE 18.6)% overweight, with 68% of the sample female. The average score on socialeconomic status (SES) of the families was 47.7 (upper middle class), and ranged from 22 (lower class) to 66 (upper class).
Experimental design and procedures
The laboratory session consisted of two phases: a 20 min activity phase followed by a 10 min reinforcement block. The amount of physical activity performed in the ®rst phase determined how much time subjects in the experimental groups got to play video games or watch television in the next phase. Subjects were randomly assigned to one of three groups: Contingent 1500 group (n 12), which required subjects to accumulate 1500 pedometer counts of physical activity to earn 10 min of time for television activities (ie video games or movies); Contingent 750 group (n 13), which required an accumulation of 750 pedometer counts to earn 10 min of time for television activities; or a Control group (n 9) in which subjects had free access to all sedentary and physical activities. Children in the Control group had access to television activities during both phases of the session, while children in the Contingency groups had access to television activities only during the second phase of the session. Access to reading materials was freely available during both phases and not contingent on physical activity for any group.
The electronic pedometer used (Yamax Digiwalker SW-200, Tokyo, Japan) is a well-validated 11, 12 pedometer that displays a digital count of physical activity. Pilot testing revealed that 750 counts on the pedometer corresponded to approximately 10 min of physical activity performed by a child at moderate intensity, with 1500 counts corresponding to about 20 min of moderate intensity activity.
Children were brought individually into a room containing three physical activities and three sedentary activities. Physical activities included a stepper (Precor 718e Low Impact Stair Climber, Bothwell, WA), a Nordic Track Twist 'N Ski Junior (Chaska, MN), and a Pump N Jump trampoline (Buffalo, NY). The sedentary activities included a Super Nintendo video game machine model SNS-001 with several popular game cartridges (Redmond, CA), a video cassette recorder (VCR) and television with current children's movies, and a variety of reading materials suitable for children. The experimenter demonstrated proper technique in using the physical activity equipment and explained how to operate the video games and VCR. Subjects then sampled each activity
activity using visual analog scales ranging from Don't like at all' to`Like very much.' Subjects were then told there were two phases to the session, with the ®rst phase lasting 20 min and the second phase lasting 10 min. Subjects put on an elastic belt around their waist containing two activity monitors, the TriTrac 1 situated just above the right hip and the pedometer positioned above the left hip. Subjects were told that two activity monitors were used to determine whether they provided the same information. Subjects in all groups were taught how to check their pedometer counts and told that`the higher the number of pedometer counts, the more active you are, and the lower the number, the less active you are'. Subjects in each group were told they were free to read or do physical activity in the 20 min phase, and were instructed to check their activity monitors as often as they liked to see how much physical activity they have done. Instructions differed in regard to how they spent their time during the second phase of the session. Subjects in the two experimental groups were instructed they could earn time to watch movies or play video games in the second phase of the session based on their activity levels in the ®rst phase. Subjects in the control group were instructed they were free to choose between the activities that were available during the second phase of the session. Instructions to the subjects provided a description of the contingencies available for being active, but subjects were not explicitly instructed to be active or sedentary during either phase of the experiment.
Subjects were observed from an adjacent room using a video camera and monitor, and communication with subjects was maintained through an intercom. When the 20 min activity period was over, the experimenter entered the testing room to record and convey to subjects the number of counts accumulated. If subjects were in either of the experimental groups, the experimenter informed them how much time they earned to play video games or watch television. Upon completion of the 10 min period, the experimenter removed the pedometer and TriTrac 1 activity monitor and escorted subjects from the laboratory.
Measurement
Height was measured using a stadiometer (Seca, Columbia, MD) and weight was measured using a balance beam scale (Healthometer, Bridgeview, Il) calibrated daily. Body mass index (BMI kgam 2 ) was calculated and compared to reference percentile charts based on child age and gender. 13, 14 Children greater than the 85th BMI percentile for age and gender were considered obese. SES was measured by the Hollingshead's Four Factor Index of Social Status. 15 Physical activity. Physical activity was objectively measured using the 16, 17 Rowlands and colleagues 17 have classi®ed vector magnitude counts equivalent to exercise intensity based on the vector magnitudeaoxygen uptake relationship. The MET values and vector magnitude counts associated with moderate intensity activity or greater were de®ned by Rowlands and colleagues 17 as 4.5 METS or greater, and greater than or equal to 1000 countsamin. The percentage of time spent at or above moderate intensity activity was calculated.
Activity liking. Liking of the activities was measured by using 100 mm visual analog scales anchored bỳ Don't like at all' and`Like very much.'
Analytic plan
One-way analyses of variance were used to examine between group differences in demographics, baseline activity liking ratings, the amount of physical activity performed, and physical activity intensity in the 20 min activity period. Signi®cant between group effects were compared using the least signi®cance difference tests. Data analyses were conducted using SYSTAT. 18 
Results
There were no between-group differences in demographic characteristics or activity liking at baseline. A signi®cant difference was observed for vector magnitude performed in the 20 min activity period (F(2,31) 7.31, P`0.01). As shown in the left graph of Figure 1 , subjects in the Contingent 1500 group were signi®cantly more active than subjects in either the Contingent 750 (P`0.05) or the control groups (P`0.001). Subjects in the Contingent 750 group were signi®cantly more active than controls (P`0.05). The percentage of time spent in physical activity performed at moderate intensity or higher (right graph) also signi®cantly differed between groups (F(2,31) 9.12, P`0.001). Once again, the Contingent 1500 group produced a signi®cantly greater percentage of time spent in moderate intensity physical activity or higher compared with the Contingent 750 (P`0.05) and control groups (P`0.001), and the Contingent 750 group spent a signi®cantly higher percentage of time in comparison to controls (P`0.05). Subjects in the Contingent 1500 group exercised at about 6.3 METS, with subjects in the Contingent 750 group exercising at about 5.6 METS, and controls exercising at about 4.7 METS.
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Discussion
Open-loop access to sedentary behaviors increased physical activity in obese children, and the higher the activity goal, the more activity increased. Findings from the present study are consistent with previous results using closed-loop feedback control of physical activity. 8 These ®ndings illustrate that speci®c sedentary activities can be used to reinforce physical activity, but that sedentary behaviors are not substitutable for one another as reinforcers. All children had free access to reading, but the experimental subjects chose to work for access to valued sedentary behaviors. We have previously observed that low preference sedentary behaviors, as determined by their base rates in a free choice situation, cannot be used to reinforce physical activity, while moderate and high preference sedentary activities can work as reinforcers. 19 The most effective method of determining which activities children ®nd reinforcing is to observe the amount of time children engage in activities, with longer amounts of time spent engaging in an activity re¯ecting increased reinforcing ef®cacy for that activity. 6 Sedentary activities used to reinforce physical activity need to be evaluated periodically to ensure they remain reinforcing relative to other sedentary alternatives.
If controlling access to sedentary behaviors is chosen as a method for increasing physical activity, what general methodology should be used, open-loop or closed-loop systems? Both the open-loop (this study) and closed-loop 8 methods have been shown to increase physical activity in obese children in laboratory settings. One advantage of the open loop feedback system is that it increases the types of physical activities that can be targeted, while the closed loop systems we have used are restricted to using indoor exercise equipment. One limitation of the more¯exible open loop feedback system is that its ef®cacy depends upon accurate monitoring of physical and sedentary activities, as well as proper implementation of the reinforcement schedule, which is done automatically by the closed-loop system. If parents, for example, do not adhere to the contingency and provide access to the preferred sedentary activity independent of physical activity level, then the reinforcing value of that sedentary activity will be reduced and child physical activity levels will diminish. Similarly, if parents do not allow access to sedentary activities when children earn that privilege by meeting the physical activity contingency, the activity may extinguish. Closed-loop reinforcement has the advantage of automatic detection of whether a goal has been met and delivery of the contingent reinforcer, but is limited by the small range of physical and sedentary activities available for use, the inconvenience of connecting the television and video games to exercise equipment, and the cost of purchasing physical activity Reinforcing physical activity GS Gold®eld et al equipment at home. Thus, choice regarding which feedback system to implement will depend on the nature of one's resources, needs, and goals.
The subjects in the experimental groups were instructed about the relationship between physical activity in the ®rst phase of the session and access to reinforcing sedentary behaviors in the second phase. The use of verbal instructions provided for more rapid contact with contingencies than contingency control without instructions. 20 However, the use of instructions makes it dif®cult in this study to separate out the in¯uence of instructions about the contingencies from the contingencies themselves. While subjects were not speci®cally instructed to be more active, instructing them about the contingencies that would be available if they were active may have increased their physical activity. It is likely that instructions to be active without contingencies would not have a long-term in¯uence on being physically active, 21 but longer term research is needed to document the role of using sedentary behavior to reinforce physical activity.
One important consideration for the arrangement of environmental contingencies is the potential shifts in reinforcing value with repeated use of the system. A one-time laboratory study does not model long-term use, but it is likely that repeated use will change the reinforcing value of the sedentary reinforcers used and perhaps the reinforcing value of the activity. The use of the same reinforcer for extended periods may result in some satiation to the reinforcing value of the sedentary behavior, and a need to regularly shift reinforcers. Perhaps the most interesting question is what happens to the reinforcing value of physical activity in relationship to sedentary behaviors over time. Can it be increased or sensitized as people become ®tter and increase the intensity and duration of being active? Will there be no change in the reinforcing value of activity, or will it become even less reinforcing with repetition? The long-term goal of studying factors that in¯uence the reinforcing value of physical activity is to develop an intervention that shifts one's motivation to exercise from being physically active only to gain access to valued reinforcers to engaging in physical activity because the activity itself is reinforcing. 22 
